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(57) ABSTRACT

A system 1s provided for aecrodynamically coupling air tlow
from a centrifugal compressor to an axial combustor. The
system includes a diffuser, a deswirl assembly, combustor
inner and outer annular liners, a combustor dome, and a
curved annular plate. The diffuser has an inlet that commu-
nicates with the centrifugal compressor, an outlet, and a flow
path that extends radially outward. The deswirl assembly has
an 1nlet that communicates with the diffuser outlet to receive
air flowing 1n a radially outward direction, an outlet, and a
flow path configured to redirect the air in aradially inward and
axial direction through the deswirl assembly outlet at an angle
toward a longitudinal axis. The curved annular plate 1s
coupled to combustor inner and outer annular liner upstream
ends to form a combustor subplenum therebetween and has a
first opening and a second opening formed therein, the first
opening aligned with the deswirl assembly outlet to recerve
air discharged therefrom.
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SYSTEM FOR COUPLING FLOW FROM A
CENTRIFUGAL COMPRESSOR TO AN
AXIAL COMBUSTOR FOR GAS TURBINES

TECHNICAL FIELD

The present mvention relates to gas turbine engines and,

more particularly, to a system for coupling airflow from a
centrifugal compressor to an axial combustor.

BACKGROUND

A gas turbine engine may be used to power various types of
vehicles and systems. A particular type of gas turbine engine
that may be used to power aircrait 1s a turbofan gas turbine
engine. A turbofan gas turbine engine may include, for
example, five major sections, a fan section, a compressor
section, a combustor section, a turbine section, and an exhaust
section. The fan section 1s positioned at the front, or “inlet”
section of the engine, and includes a fan that induces air from
the surrounding environment into the engine, and accelerates
a fraction of this air toward the compressor section. The
remaining fraction of air induced 1nto the fan section 1s accel-
erated into and through a bypass plenum, and out the exhaust
section.

The compressor section raises the pressure of the air it
receives from the fan section to a relatively high level. In a
multi-spool engine, the compressor section may include two
or more compressors, such as, for example, a high pressure
compressor and a low pressure compressor. The compressed
air from the compressor section then enters the combustor
section, where a ring of fuel nozzles 1njects a steady stream of
fuel into a plenum formed by liner walls and a dome. The
injected fuel 1s 1gnited 1n the combustor, which significantly
increases the energy of the compressed air. The high-energy
compressed air from the combustor section then tflows into
and through the turbine section, causing rotationally mounted
turbine blades to rotate and generate energy. The air exiting,
the turbine section 1s exhausted from the engine via the
exhaust section, and the energy remaining 1n the exhaust air
aids the thrust generated by the air tlowing through the bypass
plenum.

In some engines, the compressor section 1s implemented
with a centrifugal compressor. A centrifugal compressor typi-
cally includes at least one mmpeller that 1s rotationally
mounted to a rotor and surrounded by a shroud. When the
impeller rotates, it compresses the air recerved from the fan
section and the shroud directs the air radially outward into a
diffuser. The diffuser decreases the velocity and increases the
static pressure of the air and directs the air into a deswirl
assembly, which straightens the tlow of the air before 1t enters
the combustor section. The combustor section 1 some
engines 1s implemented with an axial through-tlow combus-
tor that includes an annular combustor disposed within a
combustor housing that defines a plenum. The straightened
air enters the plenum and travels axially through the annular
combustor where 1t 1s mixed with fuel and 1gnited.

Aerodynamic coupling of the components 1n a gas turbine
engine allfects engine performance, operability and effi-
ciency. To achieve optimal performance for a system includ-
ing a centrifugal compressor, the discharge tlow from the
centrifugal compressor 1s preferably suitably conditioned, the
compressor discharge flow has mimimal losses as 1t enters the
combustor plenum, and maximum static pressure recovery 1s
preferably achieved at the dome and liner walls of the com-
bustor. Additionally, because the tlow changes direction from
radial to axial and transitions from a larger to a smaller radial
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area as 1t enters the turbine, the flow 1s preferably conditioned
to a low mach number for combustor and system perior-
mance. However, when an axial through-flow combustor 1s
used in conjunction with the centrifugal compressor, mis-
alignment between the compressor discharge and turbine
inlet may undesirably occur, which may pose challenges to
satisiying performance requirements.

Hence, there 1s a need for efficient methods to acrodynami-
cally couple a centrifugal compressor and an axial through-
flow combustor which suitably directs and conditions the air
flow for optimal performance.

BRIEF SUMMARY

The present mvention provides a system for aerodynami-
cally coupling air flow from a centrifugal compressor to an
axial combustor, where the compressor and combustor are
disposed about a longitudinal axis, using a vectored deswirl
assembly 1n concert with a dome shroud attachment.

In one embodiment, and by way of example only, the
system includes a diffuser, a deswirl assembly, combustor
inner and outer annular liners, a combustor dome, and a
curved annular plate. The diffuser has an inlet, an outlet and a
flow path extending therebetween. The diffuser inlet 1s 1n flow
communication with the centrifugal compressor, and the dii-
fuser flow path extends radially outward from the longitudi-
nal axis. The deswirl assembly has an inlet, an outlet and a
flow path extending therebetween. The deswirl assembly
inlet 1s 1n flow communication with the diffuser outlet to
receive air tlowing in a radially outward direction, and the
deswirl assembly tlow path 1s configured to redirect the air 1in
a radially mnward and axial direction through the deswirl
assembly outlet at an angle toward the longitudinal axis. The
combustor mner annular liner 1s disposed about the longitu-
dinal axis and has an upstream end. The combustor outer
annular liner 1s disposed concentric to the combustor inner
annular liner and forms a combustion plenum therebetween
and has an upstream end. The combustor dome 1s coupled to
and extends between the combustor inner and outer annular
liner upstream ends. The curved annular plate 1s coupled to
the combustor inner and outer annular liner upstream ends to
form a combustor subplenum therebetween. The curved
annular plate has a first opening and a second opening formed
therein, the first opening aligned with the deswirl assembly
outlet to receive air discharged therefrom.

In another embodiment, and by way of example only, a gas
turbine engine disposed about a longitudinal axis 1s provided.
The engine includes a centrifugal compressor, a diffuser, a
deswirl assembly, and a combustor. The centrifugal compres-
sor comprises a compressor housing, an impeller disposed 1n
the compressor housing and configured to rotate about the
longitudinal axis, and a shroud disposed around the impeller.
The diffuser has an 1nlet, an outlet and a tlow path extending
therebetween. The diffuser inlet 1s 1n flow communication
with the centrifugal compressor, and the diffuser flow path
extends radially outward from the longitudinal axis. The
deswirl assembly has an inlet, an outlet and a flow path
extending therebetween. The deswirl assembly inlet 1s 1n flow
communication with the diffuser outlet and configured to
receive air flowing in a radially outward direction. The
deswirl assembly flow path curves from the deswirl assembly
inlet to the deswirl assembly outlet and 1s configured to redi-
rect the air mto a radially inward and axial direction through
the deswirl assembly outlet at an angle toward the longitudi-
nal axis. The combustor 1s coupled to the centrifugal com-
pressor and includes a combustor housing, combustor inner
and outer annular liners, a combustor dome, and a curved
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annular plate. The combustor housing 1s coupled to the com-
pressor housing. The combustor inner annular liner 1s dis-
posed 1n the combustor housing about the longitudinal axis,
and the mner annular liner has an upstream end. The combus-
tor outer annular liner 1s disposed concentric to the combustor
inner annular liner, forms a combustion plenum therebe-
tween, and has an upstream end. The combustor dome 1s
coupled to and extends between the combustor mner and
outer annular liner upstream ends. The curved annular plate 1s
coupled to the combustor inner and outer annular liner
upstream ends to form a combustor subplenum therebetween.
The curved annular plate has a first opening and a second
opening formed therein, the first opening aligned with the
deswirl assembly outlet to recerve air discharged therefrom.

In another exemplary embodiment, a dome shroud assem-
bly 1s provided to acrodynamically couple a combustor and a
deswirl assembly, where the combustor has an mnner annular
liner, an outer annular liner disposed concentric to the inner
annular liner, and a plurality of fuel 1njectors, the mnner and
outer annular liners having upstream ends, and the deswirl
assembly having an outlet for discharging air. The dome
shroud assembly includes a curved annular plate and first and
second pluralities of openings. The curved annular plate 1s
coupled to the combustor inner and outer annular liner
upstream ends to form a combustor subplenum therebetween.
The first plurality of openings 1s formed in the curved annular
plate 1n a substantially circular pattern having a first radius,
and each opening of the first plurality of openings 1s aligned
with the deswirl assembly outlet and configured to recetve air
discharged therefrom. The second plurality of openings is
formed 1n the curved annular plate in a substantially circular
pattern having a second radius, and each opening of the sec-
ond plurality of openings 1s configured to allow at least one
tuel injector to extend therethrough.

Other independent features and advantages of the preferred
coupling system will become apparent from the following
detailed description, taken 1n conjunction with the accompa-
nying drawings which illustrate, by way of example, the
principles of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified cross section side view of an exem-
plary multi-spool turbofan gas turbine jet engine according to
an embodiment of the present invention;

FIGS. 2 and 3 are cross section views of a portion of an
exemplary combustor that may be used 1n the engine of FIG.
1, and that show, respectively, a main fuel injector and pilot
tuel injector assembly; and

FIG. 4 1s an 1sometric view of a portion of an exemplary
dome shroud assembly that may be implemented into the
combustor shown in FIGS. 2 and 3.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

Before proceeding with the detailed description, 1t 1s to be
appreciated that the described embodiment 1s not limited to
use 1n conjunction with a particular type of turbine engine.
Thus, although the present embodiment 1s, for convenience of
explanation, depicted and described as being implemented 1n
a multi-spool turbotfan gas turbine jet engine, 1t will be appre-
ciated that it can be implemented 1n various other types of
turbines, and 1n various other systems and environments.

An exemplary embodiment of a multi-spool turbofan gas
turbine jet engine 100 1s depicted i FIG. 1, and includes an
intake section 102, a compressor section 104, a combustion
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section 106, a turbine section 108, and an exhaust section 110.
The intake section 102 includes a fan 112, which 1s mounted
in a fan case 114. The fan 112 draws air into the intake section
102 and accelerates 1t. A fraction of the accelerated air
exhausted from the fan 112 1s directed through a bypass
section 116 disposed between the fan case 114 and an engine
cowl 118, and provides a forward thrust. The remaining frac-
tion of air exhausted from the fan 112 1s directed into the
compressor section 104.

The compressor section 104 includes two compressors, an
intermediate pressure compressor 120, and a high pressure
compressor 122. The intermediate pressure compressor 120
raises the pressure of the air directed into 1t from the fan 112,
and directs the compressed air into the high pressure com-
pressor 122. The high pressure compressor 122 compresses
the air still further, and directs the high pressure air into the
combustion section 106. In the combustion section 106,
which includes an annular combustor 124, the high pressure
air-1s mixed with fuel and combusted. The combusted air 1s
then directed into the turbine section 108.

The turbine section 108 includes three turbines disposed 1n
axial flow series, a high pressure turbine 126, an intermediate
pressure turbine 128, and a low pressure turbine 130. The
combusted air from the combustion section 106 expands
through each turbine, causing it to rotate. The air 1s then
exhausted through a propulsion nozzle 132 disposed in the
exhaust section 110, providing addition forward thrust. As the
turbines rotate, each drives equipment 1n the engine 100 via
concentrically disposed shafts or spools. Specifically, the
high pressure turbine 126 drives the high pressure compressor
122 via a lugh pressure spool 134, the intermediate pressure
turbine 128 drives the intermediate pressure compressor 120
via an mtermediate pressure spool 136, and the low pressure
turbine 130 drives the fan 112 via a low pressure spool 138.

Turming now to FIGS. 2 and 3, cross sections of the area
between an exemplary high pressure compressor 200 and
annular combustor 202 are illustrated. In addition to the com-
pressor 200 and combustor 202, FIGS. 2 and 3 depict a
diffuser 204 and a deswirl assembly 206, each disposed about
a longitudinal axis 207. The high pressure compressor 200 1s
a centrifugal compressor and includes an impeller 208 and a
shroud 210 disposed 1n a compressor housing 211. The impel-
ler 208, as alluded to above, 1s driven by the high pressure
turbine 126 and rotates about the longitudinal axis 207. The
shroud 210 1s disposed around the impeller 208 and defines an
impeller discharge flow passage 212 therewith that extends
radially outwardly.

The diffuser 204 1s coupled to the shroud 210 and 1s con-
figured to decrease the velocity and increase the static pres-
sure of air that 1s received therefrom. In this regard, any one of
numerous conventional diffusers 204 suitable for operating
with a centrifugal compressor may be employed. In any case,
the diffuser 204 includes an inlet 214, an outlet 216, and a
flow path 218 that each communicates with the passage 212,
and the flow path 218 1s configured to direct the received air
flow radially outwardly.

The deswirl assembly 206 communicates with the diffuser
204 and 1s configured to substantially remove swirl from air
recelved therefrom, which decreases the Mach number of the
air tlow. The deswirl assembly 206 includes an inlet 220, an
outlet 222, and a tlow path 224 that extends therebetween.
Preferably, the flow path 224 is configured to receive the
radially directed air that 1s discharged from the diffuser 204
and change 1ts direction. More specifically, the flow path 224
1s preferably configured to redirect the air from 1ts radially
outward direction to a radially mmward and axially down-
stream direction. Thus, the flow path 224 preferably extends
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between the inlet 220 and outlet 222 1n an arc so that when the
a1r exits the outlet 222, 1t 1s directed at an angle and toward the
longitudinal axis 207 and the annular combustor 202.

The annular combustor 202 1s housed 1n a combustor hous-
ing 203 that 1s coupled to the compressor housing 211 and
includes an inner annular liner 226, an outer annular liner 228,
a combustor dome 230, and a dome shroud assembly 232. The
inner annular liner 226 includes an upstream end 234 and a
downstream end 236. Similarly, the outer annular liner 228,
which surrounds the inner annular liner 226, includes an
upstream end 238 and a downstream end 240. The combustor
dome 230 1s coupled between the inner and outer annular liner
upstream ends 234, 238, respectively, forming a combustion
plenum 241 between the 1inner and outer annular liners 226,
228. In the depicted embodiment, a heat shield 242 1s coupled
to the combustor dome 230, though 1t will be appreciated that
the heat shield 242 could be eliminated. It will additionally be
appreciated that although the inner and outer annular liners
226, 228 1n the depicted embodiment are of a double-walled
construction, the liners 226, 228 could also be a single-walled
construction.

The dome shroud assembly 232 receives air that 1s dis-
charged from the deswirl assembly 206 and minimizes
extreme cross-tlow velocites of the recerved air at the com-
bustor dome 230 surface. Additionally, the dome shroud
assembly 232 1s configured to recover a portion of the
dynamic head in the air flow to transform the head to static
pressure. The dome shroud assembly 232 includes a curved
annular plate 244 that has inner and outer annular edges 246,
248 and a plurality of opemings 250, 252 (shown in more
clearly in FIG. 4). The inner and outer annular edges 246, 248
are coupled to the mnner and outer annular liner upstream ends
234, 238 to form a combustor subplenum 254. The combustor
subplenum 254 provides a space within which air discharges
from the deswirl assembly 206 1s received and within which
a plurality of fuel injector assemblies 232, 256 are disposed.

The openings 250, 252 are formed 1n the annular plate 244
between the inner and outer annular edges 246, 248, and may
be variously sized or shaped. One set of opemings 250 1s
configured to be aligned with the deswirl assembly outlet 222
and to recerve air exiting therefrom. Preferably, the placement
of each opening 250 1s optimized such that a maximum
amount of air 1s captured 1n the combustor subplenum 254. In
one exemplary embodiment, some of the openings 250 may
also be configured to allow extension of one or more of the
tuel injector assemblies 232, 256 therethrough. The other set
of openings 252 may be configured to allow fuel mjector
assemblies 232, 256 to extend therethrough.

In one exemplary embodiment, the two sets of openings
250, 252 may be formed on the annular plate 244 at different
radial and circumierential locations. For example, as shown
in FIG. 4, the first set of openings 250 may be disposed 1n a
first substantially circular pattern having a first radius 402 and
the second set of openings 252 may be disposed 1n a second
substantially circular pattern having a second radius 404. The
openings 250 may be substantially evenly spaced apart from
one another. In the depicted embodiment, the first radius 402
1s greater than the second radius 404, though 1t will be appre-
ciated that the annular plate 244 1s not limited to this configu-
ration. In another alternative embodiment, the openings 250,
252 are disposed 1n an alternating arrangement along their
respective radiil. More specifically, the openings of the first set
of openings 250 are circumierentially interspersed among the
openings of the second set of openings 252.

Returming to FIGS. 2 and 3, two types of fuel injector
assemblies extend through the dome shroud assembly 232,
specifically, pilot fuel injector assemblies 256 (see FIG. 2)
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and main fuel injector assemblies 258 (see FIG. 3). Each tuel
injector assembly 256, 238 1s coupled to the combustor dome
230. It will be appreciated that, for clarity, only one fuel
injector assembly type 1s shown 1n each of FIGS. 2 and 3.
During engine operation, the high pressure compressor
200 1s rotated and compresses air it receives therefrom. The
air 1s directed radially outwardly through the passage 212 into
the diffuser 204 and the deswirl assembly 206. The deswirl
assembly 206 forces the air into an inward and axial flow into
the combustor subplenum 254 via one or more openings of
the first set of openings 250. Then, the air enters the swirler
assemblies and fuel 1s sprayed into the air via the fuel injector
lies 256, 258. The fuel/air mixture 1s then mixed and

assemb.
directed into the combustion plenum 241 to be 1gnited.

There has now been provided a gas turbine engine that
operates more elficiently. Additionally, the engine 1s rela-
tively inexpensive and simple to implement mnto existing air-
craft configurations wherein a centrifugal compressor is
mounted with an axial combustor.

While the invention has been described with reference to a
preferred embodiment, it will be understood by those skilled
in the art that various changes may be made and equivalents
may be substituted for elements thereof without departing
from the scope of the mvention. In addition, many modifica-
tions may be made to adapt to a particular situation or material
to the teachings of the invention without departing from the
essential scope thereof. Therefore, 1t 1s intended that the
invention not be limited to the particular embodiment dis-
closed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments
falling within the scope of the appended claims.

We claim:

1. A system for acrodynamically coupling air flow from a
centrifugal compressor to an axial combustor, the compressor
and combustor disposed about a longitudinal axis, the system
comprising:

a diffuser having an 1nlet, an outlet and a flow path extend-
ing therebetween, the diffuser inlet in flow communica-
tion with the centrifugal compressor, and the diffuser
flow path extending radially outward from the longitu-
dinal axis;

a deswirl assembly having an inlet, an outlet and a flow
path extending therebetween, the deswirl assembly inlet
in flow communication with the diffuser outlet to recerve
air flowing 1n a radially outward direction, and the
deswirl assembly flow path configured to redirect the air
in a radially mnward and axial direction through the
deswirl assembly outlet at an angle toward the longitu-
dinal axis;

a combustor mner annular liner disposed about the longi-
tudinal axis, the inner annular liner having an upstream
end;

a combustor outer annular liner disposed concentric to the
combustor inner annular liner and forming a combustion

plenum therebetween, the outer annular liner having an
upstream end;

a combustor dome coupled to and extending between the
combustor inner and outer annular liner upstream ends;
and

a curved annular plate coupled to the combustor inner and
outer annular liner upstream ends to form a combustor
subplenum therebetween, the curved annular plate hav-
ing a {irst opening and a second opening formed therein,
the first opening aligned with the deswirl assembly out-
let to receive air discharged therefrom.
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2. The system of claim 1, the system further comprising:

a Tuel 1imjector extending through the curved annular plate
second opening and disposed at least partially in the
combustion plenum.

3. The system of claim 1, wherein the first and second
openings have different shapes.

4. The system of claim 1, wherein the deswirl assembly
flowpath 1s arcuate.

5. The system of claim 1, wherein the combustor dome
includes an opening formed therethrough.

6. A gas turbine engine disposed about a longitudinal axis,
the engine comprising;:
a centrifugal compressor comprising:
a compressor housing;

an 1mpeller disposed in the compressor housing and
configured to rotate about the longitudinal axis; and

a shroud disposed around the impeller;

a diffuser having an inlet, an outlet and a flow path extend-
ing therebetween, the diffuser inlet 1n flow communica-
tion with the centrifugal compressor, and the diffuser
flow path extending radially outward from the longitu-
dinal axis;

a deswirl assembly having an inlet, an outlet and a flow
path extending therebetween, the deswirl assembly 1nlet
in flow communication with the diffuser outlet and con-
figured to recerve air tlowing 1n a radially outward direc-
tion, and the deswirl assembly flow path curving from
the deswirl assembly 1nlet to the deswirl assembly outlet
and configured to redirect the air into a radially inward
and axial direction through the deswirl assembly outlet
at an angle toward the longitudinal axis; and
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a combustor coupled to the centrifugal compressor com-
prising;:

a combustor housing coupled to the compressor hous-
1ng;

a combustor inner annular liner disposed in the combus-
tor housing about the longitudinal axis, the inner
annular liner having an upstream end;

a combustor outer annular liner disposed concentric to
the combustor inner annular liner and forming a com-
bustion plenum therebetween, the outer annular liner
having an upstream end;

a combustor dome coupled to and extending between the
combustor mner and outer annular liner upstream
ends; and

a curved annular plate coupled to the combustor inner
and outer annular liner upstream ends to form a com-
bustor subplenum therebetween, the curved annular
plate having a first opening and a second opening, the
first opening formed therein and aligned with the
deswirl assembly outlet to recerve air discharged
therefrom.

7. The engine of claim 6, further comprising:

a Tuel 1njector disposed at least partially in the combustion
plenum and extending through the curved annular plate
second opening.

8. The engine of claim 6, wherein the first and second

openings have different shapes.

9. The engine of claim 6, wherein the deswirl assembly

flowpath 1s arcuate.

10. The engine of claim 6, wherein the combustor dome
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